
B
.T.Flem

ing
D

ecem
ber 9th, 2010



 
 

Liquid A
rgon Tim

e P
rojection 

C
ham

ber technique
P

assing charged particles
ionize A

rgon – 55k ionization
electrons/cm

E
lectric field drifts electrons

m
eters to w

ire cham
ber planes

Induction/C
ollection planes

im
age charge, record dE

/dx

E
xam

ple N
eutrino event in A

rgoN
euT detector:

induction and collection planes

S
ignal on a single w

ire for
m

ulti-track event



 
 

A brief history of LA
rTP

C
 detection for neutrino physics:

B
uilding from

 this:
● A neutrino detector sensitive to rare 
processes.  A study of neutrino electron 
reactions.  H

. C
hen et al.  Ferm

ilab 
experim

ent proposal E
496, 1976

●D
evelopm

ent w
ork on LA

rTP
C 

cham
bers, such as “O

bservation of 
Ionization E

lectrons D
rifting Large 

D
istances in LA

r” H
. C

hen et al, 1977Four channel prototype to test technique 



 
 

C
arlo R

ubbia proposes LA
r detectors for neutrino physics 

and starts an R
&

D
 program

 tow
ards IC

A
R

U
S

 (1977)

Test 
Stands

T600:  600 ton LarTPC
In G

ran Sasso N
ational Lab

~17 G
eV

 C
N

G
S beam

Seeing
neutrino 

Interactions

N
eutrino interaction in IC

A
R

U
S

 from
 C

N
G

S
 beam

 



 
 

B
irth of M

icroB
ooN

E
:

First m
eeting in 2007 in 

Instrum
entation D

ivision
at B

rookhaven
B

N
L/C

olum
bia/Yale

P
hysics:

P
uzzling unresolvable excess

of events observed by the
M

iniB
ooN

E
 experim

ent

Technology:
LarTP

C
 technique can 

resolve low
 energy excess 

w
ith ~100 ton experim

ent

●2007: First m
eeting at B

N
L

●D
evelop proposal driven by B

N
L groups in particular TP

C
 and E

lectronics design in 
Instrum

entation D
ivision

●P
roposed to FN

A
L D

irector and PA
C

 in Fall 2007
●S

tage 1 approval by FN
A

L director in 2008
●D

O
E

 C
D

-0 in 2009
●D

O
E

 C
D

-1 in 2010
●D

O
E

 C
D

-2 anticipated in 2011
●D

ata taking in 2013

M
icroB

ooN
E

 
m

ilestones
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B
rookhaven Laboratory

H
. C

hen, J. Farrell, F. Lanni, D
. Lissauer, D

. M
akow

iecji, J. M
ead, V. R

adeka, S. R
escia, J. Sondericker, 

C
. Thorn, B

. Yu
 

C
olum

bia U
niversity

L. C
am

illeri, C
. M

ariani, M
. Shaevitz, B

. W
illis**

Ferm
i N

ational A
ccelerator Laboratory

B
. B

aller, C
. Jam

es, S. Pordes, G
. R

am
eika, B

. R
ebel, R

. Schm
itt, D

. Schm
itz, J. W

u

Los A
lam

os N
ational Laboratory

G
. G

arvey, J. G
onzales, B

. Louis, C
. M

auger, G
. M

ills, Z. Pavlovic, R
. Van de W

ater, H
. W

hite, S. Zeller

M
assachusetts Institute of Technology

W
. B

arletta, L. B
ugel, J. C

onrad, C
. Ignarra, B

. Jones, G
. K

aragiorgi, T. K
atori, H

. Tanaka

M
ichigan State U

niversity
C

. B
rom

berg, D
. Edm

unds

Princeton U
niversity

K
. M

cD
onald, C

. Lu, Q
. H

e

St. M
arys

P. N
ienaber

Syracuse U
niversity

M
. Soderberg

U
niversity of C

incinnati
R

andy Johnson

U
niversity of Texas at A

ustin
S. K

opp, K
. Lang

Yale U
niversity

C
. A

nderson, E. C
hurch, B

. T. Flem
ing*, R

. G
uenette, S. Linden, K

. Partyka, J. Spitz

*=Spokesperson, **=D
eputy Spokesperson
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M
icroB

ooN
E

 P
hysics and D

evelopm
ent G

oals

  D
em

onstrate photon – electron iden2fica2on
  D

evelop cold electronics


Im
plem

enta2on of cold electronics 
in 

G
aseous A

rgon (G
A
r)

  Purity:  Test of G
A
r purge in large, 

fully 
instrum

ented vessel  
  Refine sensi2vity es2m

ates for next 
genera2on detectors 
  Test ability to run on surface
  D

evelop tools for analysis
  D

evelop cost scaling m
odel for larger 

detectors

M
icroBooN

E LA
r TPC 

D
evelopm

ent G
oals

 M
iniBooN

E low
 energy 

excess
 Suite of low

 energy cross 
sec2on m

easurem
ents

M
icroBooN

E Physics

Develop TPC readout design and cryogenics
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M
iniB

ooN
E

 low
 energy neutrino excess......
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M
iniB

ooN
E

 N
eutrino O

scillation R
esults

A
.A

. A
guilar-A

revalo et al., P
R

L 102, 101802 (2009)

A
n

o
m

a
ly M

e
d

ia
te

d
 N

e
u

trin
o

-Ph
o

to
n 

In
te

ra
c

tio
n

s a
t Fin

ite
 Ba

ryo
n

 D
e

n
sity: Je

ffre
y 

A
. H

a
rve

y, C
h

risto
p

h
e

r T. H
ill, &

 R
ic

h
a

rd
 J. H

ill, 
a

rX
iv:0708.1281

C
P-V

io
la

tio
n

 3+
2 M

o
d

e
l: M

a
lto

n
i &

 Sc
h

w
e

tz, 
a

rX
iv:0705.0107; T. G

o
ld

m
a

n
, G

. J. 
Ste

p
h

e
n

so
n

 Jr., B. H
. J. M

c
Ke

lla
r, Ph

ys. R
e

v. 
D

75 (2007) 091301.

Extra
 D

im
e

n
sio

n
s 3+

1 M
o

d
e

l: Pa
s, Pa

kva
sa

, & 
W

e
ile

r, Ph
ys. R

e
v. D

72 (2005) 095017

Lo
re

n
tz V

io
la

tio
n

: Ka
to

ri, Ko
ste

le
c

ky, &
 Ta

ylo
e

, 
 Ph

ys. R
e

v. D
74 (2006) 105009

C
PT V

io
la

tio
n

 3+
1 M

o
d

e
l: Ba

rg
e

r, M
a

rfa
tia

, & 
W

h
isn

a
n

t, Ph
ys. Le

tt. B576 (2003) 303

N
e

w
 G

a
u

g
e

 Bo
so

n
 w

ith
 Ste

rile
 N

e
u

trin
o

s: A
n

n 
E. N

e
lso

n
 &

 Jo
n

a
th

a
n

 W
a

lsh
, a

rX
iv:0711.1363
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M
iniB

ooN
E

 A
ntineutrino O

scillation R
esults

A
. A

. A
guilar-A

revalo, P
hys. R

ev. Lett. 105, 181801 (2010)  


Interesting hint of excess events in-consistent w

ith 
M

iniB
ooN

E
 neutrino results in >475 M

eV
 “analysis region”  

  



N
eed a new

 experim
ental technique to address the question...

Capability to resolve particle interactions:
reduce backgrounds, identify and
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Translates to 5σ sensi2vity if excess is ν
e s

4σ if excess is γs
(M

icro = detector ~x5 sm
aller than M

iniBooN
E can address low

 energy excess)

Inability to iden2fy excess as ν
e s or γs illustrates the 

need for the best detectors for ν
e  appearance physics

the strength of the LA
r detec2on technique

Im
portant for M

icroBooN
E and for LA

r program
 beyond!
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M
icroB

ooN
E

 P
hysics and D

evelopm
ent G

oals

  D
em

onstrate photon – electron iden2fica2on
  D

evelop cold electronics


Im
plem

enta2on of cold electronics 
in 

G
aseous A

rgon (G
A
r)

  Purity:  Test of G
A
r purge in large, 

fully 
instrum

ented vessel  
  Refine sensi2vity es2m

ates for next 
genera2on detectors 
  Test ability to run on surface
  D

evelop tools for analysis
  D

evelop cost scaling m
odel for larger 

detectors

M
icroBooN

E LA
r TPC 

D
evelopm

ent G
oals

 M
iniBooN

E low
 energy 

excess
 Suite of low

 energy cross 
sec2on m

easurem
ents

M
icroBooN

E Physics

Develop TPC readout design and cryogenics
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H
igh voltage 

feedthrough

C
athode 

plane

C
old 

electronics
Top ground plane

P
M

T fram
e

W
ire planes

Field cage

S
ignal feedthrough

A
rray of

30 P
M

Ts
P

eak through
W

ire
cham

bers

TPC design team
:  BN

L Instrum
entation division



17
B

reakout S
ession, W

B
S

1.4
17

±1%

D
istance from

 the cathode [m
m

]

Electric Field [V/m]
Field cage tubing steps 
voltage dow

n from
 -128k

Field is nearly uniform
 out to 

5cm
 from

 tubing

“N
anoB

ooN
E

” m
echanical

prototype constructed
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Three w
ire planes (U

,V,Y) readout ioniza2on 
electrons

 3m
m
 w
ire pitch

 Y: ver2cal, U
,V: +/‐ 60 degrees to Y

N
om

inal w
ire length: Y: 2.5m

, U
,V: 5m

3456 Y w
ires, 2400 each U

,V w
ires

 W
ire m

aterial is stainless steel coated w
ith 

copper and a gold flash: high breakload, low 
resistance. 
 W

ire ae
achm

ent via ferrule ae
ached to w

ire 
carrier boards
Fully autom

ated w
ire w

inding m
achine

R
otating head of the 

w
inding m

achine



 
 

Signal cable lengths 
increasing to >10-20 m

eters 
for detector fiducial volum

e > 
1kton resulting in high 
capacitance and high noise.

Cold electronics 
decouples the 
electrode and 

cryostat design 
from

 the readout 
design: noise 

independent of 
the fiducial 

volum
e.

Cryostat D
esign: “W

arm
” vs “Cold” Electronics

E
lectronics:
C

old front
end m

ultiplexed
inside the 
cryostat

C
old E

lectronics:  Low
 noise w

ith pre-am
ps at w

ire readout
and m

ultiplexing for m
inim

al cables to outside of cryostat.
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M
icroB

ooN
E

 readout electronics design
C

onceptual design: C
old electronics in G

ar
P

relim
inary design:  recently adopted C

M
O

S
 pre-am

p in LA
rJFE

T 
pre-am

p in 
G

A
r

C
M

O
S

 
pre-am

p in 
LA

r



 12/9/10
 

2222
21

LA
r20 Front End Electronics Functional O

utline

Link speed ~ 50 M
bps

Link speed ~ 400 M
bps

Link speed ~ 3.2 G
bps

w
. redundancy

N
ext step under developm

ent w
ith R

adeka team
:  Front end 

A
S

IC
 w

ith signal m
ultiplexing in LA

r for m
assive detectors 

(Lar20) for the LB
N

E
 program
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Its been a pleasure and an 
honor w

orking w
ith Veljko 

and his team
 on 

M
icroB

ooN
E

I look forw
ard to continued 

collaboration on 
M

icroB
ooN

E
 and 

developm
ent of LA

r 
detectors for neutrino 
physics in the future!


